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Abstract. We give an explicit QCD sum rule investigation to hidden-charm baryonium states with the
quark content uu¯dd¯cc¯, spin J = 0/1/2/3, and of both positive and negative parities. We systematically
construct the relevant local hidden-charm baryonium interpolating currents, which can actually couple
to various structures, including hidden-charm baryonium states, charmonium states plus two pions, and
hidden-charm tetraquark states plus one pion, etc. We do not know which structure these currents couple
to at the beginning, but after sum rule analyses we can obtain some information. We find some of them
can couple to hidden-charm baryonium states, using which we evaluate the masses of the lowest-lying
hidden-charm baryonium states with quantum numbers JP = 2−/3−/0+/1+/2+ to be around 5.0 GeV.
We suggest to search for hidden-charm baryonium states, especially the one of J = 3−, in the D-wave
J/ψpipi and P -wave J/ψρ and J/ψω channels in this energy region.
PACS. 12.39.Mk Glueball and nonstandard multi-quark/gluon states – 12.38.Lg Other nonperturbative
calculations – 11.40.-q Currents and their properties
1 Introduction
Exploring exotic matter beyond conventional quark model
is one of the most intriguing current research topics of
hadronic physics. With significant experimental progress
on this issue over the past decade, dozens of charmonium/bottomonium-
likeXY Z states were reported [1], which are hidden-charm/bottom
tetraquark candidates. Besides them, the Pc(4380) and
Pc(4450) were observed in the LHCb experiment in 2015 [2],
which are hidden-charm pentaquark candidates. They are
new blocks of QCD matter, providing important hints to
deepen our understanding of the non-perturbative QCD [3,
4,5]. Facing their observations, we naturally conjecture
that there should exist hidden-charm hexaquark states,
and now is the time to hunt for them [6,7].
In this letter we study one kind of hidden-charm hex-
aquark states, that is the hidden-charm baryonium states
consisting of color-singlet heavy baryons and antibaryons.
There have been several references on this issue, where
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the Y (4260), Y (4360), Y (4630), etc. were interpreted as
hidden-charm baryonium states [8,9,10,11,12,13,14]. How-
ever, these states can also be interpreted as hidden-charm
tetraquark states [1,5], so better hidden-charm hexaquark
candidates are still waiting to be found.
In this letter we perform an explicit QCD sum rule
investigation to hidden-charm baryonium states with the
quark content uu¯dd¯cc¯, spin J = 0/1/2/3, and of both posi-
tive and negative parities. We systematically construct the
relevant local hidden-charm baryonium interpolating cur-
rents in Sec. 2. We find these currents can couple to vari-
ous structures, including hidden-charm baryonium states
[c¯cq¯qq¯q], charmonium states plus two pions [c¯c+ pipi], and
hidden-charm tetraquark states plus one pion [c¯cq¯q+pi],
etc., which fact can be helpful to relevant studies, such
as Lattice QCD. We do not know which structure these
currents couple to at the beginning, but we try to per-
form sum rule analyses using them in Sec. 3 to obtain
some information. We find some of them can couple to
hidden-charm baryonium states, using which we evaluate
the masses of the lowest-lying hidden-charm baryonium
states to be around 5.0 GeV, significantly larger than the
masses of hidden-charm tetraquark states. Accordingly,
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we suggest to search for hidden-charm baryonium states,
especially the one of J = 3−, in the D-wave J/ψpipi and
P -wave J/ψρ and J/ψω channels in this energy region.
The results are discussed and summarized in Sec. 4. This
paper has a supplementary file “OPE.nb” containing all
the spectral densities.
2 Hidden-charm baryonium currents
To start our study, we first systematically construct local
hidden-charm baryonium interpolating currents with the
quark content uu¯dd¯cc¯, spin J = 0/1/2/3, and of both
positive and negative parities. We use ηµ1···µj to denote
the current of spin J , and assume it couples to the physical
state Xj of spin J through
〈0|ηµ1···µj |Xj〉 = fXµ1···µj , (1)
where fX is the decay constant, and µ1···µj is the traceless
and symmetric polarization tensor.
There are two possible color configurations. One has a
baryonium structure [abcuadbcc][
def u¯dd¯ec¯f ], where a · · · f
are color indices; the other has a three-meson structure,
such as [c¯aca][u¯bub][d¯cdc], etc. The former configuration
can be transformed to the latter through the the color
rearrangement:
abcdef = δadδbeδcf − δaeδbdδcf + δafδceδbd (2)
− δadδbfδce + δaeδbfδcd − δafδcdδbe .
We note that the latter can not be transformed back,
suggesting that the three-meson structure is more com-
plicated than the baryonium structure. Eq. (2) implies
that the hidden-charm baryonium currents can also cou-
ple to charmonium states plus two pions, such as ηcpipi
and J/ψpipi, through
〈0|ηµ1···µj |[c¯c+ pipi]〉 = f3M × · · · ,
where · · · denotes relevant polarization tensors. Moreover,
the hidden-charm baryonium currents may also couple to
the XY Z charmonium-like states (taken as hidden-charm
tetraquark states) plus one pion through
〈0|ηµ1···µj |[c¯cq¯q + pi]〉 = f2M × · · · .
We shall find that both of these two cases are possible.
Besides them, the diquark-anti-diquark-meson structure
is also possible. At the beginning we do not know which
structure the current J couples to, but after sum rule anal-
yses we can obtain some information.
To construct local baryonium interpolating currents,
we first systematically construct local heavy baryon fields
with the quark content udc. We only investigate the fields
of the following type
[abc(uTaCΓidb)Γjcc] , (3)
where Γi,j are various Dirac matrices. The fields of the
other types [abc(uTaCΓicb)Γjdc] and [
abc(dTaCΓicb)Γjuc],
etc. can be related to these fields through the Fierz trans-
formation.
The u and d quarks can be either flavor symmetric
or antisymmetric, and we use the SU(3) flavor represen-
tations 6F and 3¯F to denote them, respectively. We can
easily construct them based on the results of Ref. [15]:
1. We use B to denote the Dirac baryon fields without free
Lorentz indices. There are three fields of the flavor 3¯F :
Λ1 = 
abc(uTaCdb)γ5cc ,
Λ2 = 
abc(uTaCγ5db)cc , (4)
Λ3 = 
abc(uTaCγ
αγ5db)γαcc ,
and two fields of the flavor 6F :
Σ1 = 
abc(uTaCγ
αdb)γαγ5cc , (5)
Σ2 = 
abc(uTaCσ
αβdb)σαβγ5cc .
All these fields B have the spin-parity JP = 1/2+,
while γ5B have 1/2−.
2. We use Bµ to denote the baryon fields with one free
Lorentz index. There is one field of the flavor 3¯F :
Λ4µ = 
abc(uTaCγµγ5db)γ5cc , (6)
and two fields of the flavor 6F :
Σ3µ = 
abc(uaTCγµd
b)cc , (7)
Σ4µ = abc(u
aTCσµαd
b)γαcc .
All these fields contain the spin-parity JP = 3/2+
components, while γ5Bµ have 3/2−.
3. We use Bµν to denote the baryon fields with two free
antisymmetric Lorentz indices. There is only one field
of the flavor 6F :
Σ5µν = abc(u
aTCσµνd
b)γ5c
c . (8)
This field also contains the spin J = 3/2 component,
but it contains both positive parity and negative parity
components.
Based on these heavy baryon fields, the local hidden-
charm baryonium interpolating currents with the color
configuration [abcuadbcc][
def u¯dd¯ec¯f ] can be systemati-
cally constructed:
1. We find altogether 44 baryonium currents of spin J =
0. Half of these currents have the positive parity:
BB , BαBα , BαβBαβ , (9)
and the other half have the negative parity:
Bγ5B , Bαγ5Bα , Bαβγ5Bαβ . (10)
Other currents, such as BαγαB, BασαβBβ , etc. can be
related to these currents.
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2. We find altogether 80 baryonium currents of spin J =
1. Half of these currents have the positive parity:
Bγµγ5B , Bαγµγ5Bα , Bαβγµγ5Bαβ , (11)
BBµ , BαBαµ ,
and the other half have the negative parity:
BγµB , BαγµBα , BαβγµBαβ , (12)
Bγ5Bµ , Bαγ5Bαµ .
Other currents, such as BασµαB, BµαγαB, etc. can be
related to these currents.
3. We find altogether 50 baryonium currents of spin J =
2. Half of these currents have the positive parity:
S2
[Bµ1Bµ2] , S2[Bµ1αBµ2α] , (13)
S2
[Bγµ1γ5Bµ2] , S2[Bαγµ1γ5Bµ2α] .
where Sj denotes symmetrization in the sets (µ1 · · ·µj).
The other half have the negative parity:
S2
[Bµ1γ5Bµ2] , S2[Bµ1αγ5Bµ2α] , (14)
S2
[Bγµ1Bµ2] , S2[Bαγµ1Bµ2α] .
Other currents, such as S2
[BµγαBνα], etc. can be re-
lated to these currents.
4. We find altogether 14 baryonium currents of spin J =
3. Half of these currents have the positive parity:
S3
[Bµ1γµ2γ5Bµ3] , S3[Bµ1αγµ2γ5Bµ3α] , (15)
and the other half have the negative parity:
S3
[Bµ1γµ25Bµ3] , S3[Bµ1αγµ2Bµ3α] , (16)
Other currents, such as S3
[Bµ1ασµ2αBµ3], etc. can be
related to these currents.
We can also construct some other baryonium currents
which contain two free antisymmetric Lorentz indices, such
as BBµν , BσµνBρ, BσµνBρσ, etc. However, these currents
contain both positive parity and negative parity compo-
nents, which we shall not investigate in the present study
for simplicity.
3 QCD sum rule analyses
In the following, we use the method of QCD sum rules [16,
17,18,19] to investigate these hidden-charm baryonium
currents, and try to find out which structure these cur-
rents couple to. The two-point correlation function can be
written as:
Πµ1···µj ,ν1···νj
(
q2
)
(17)
= i
∫
d4xeiq·x〈0|T
[
ηµ1···µj (x)η
†
ν1···νj (0)
]
|0〉
= (−1)jS ′j
[
gµ1ν1 · · · gµjνj
]
Πj
(
q2
)
+ · · · ,
where S ′j denotes symmetrization and subtracting the trace
terms in the sets (µ1 · · ·µj) and (ν1 · · · νj). Although the
current ηµ1···µj contains all spin 0–j components, the lead-
ing term Πj
(
q2
)
has been totally symmetrized and only
contains the spin j component, while · · · contains other
spin components. Hence, we shall only calculate Πj
(
q2
)
and use it to perform sum rule analyses.
We can calculate the two-point correlation function
Eq. (17) in the QCD operator product expansion (OPE)
up to certain order in the expansion, which is then matched
with a hadronic parametrization to extract information
about hadron properties. Following Ref. [19], we obtain
the mass of Xj to be
M2X(s0,MB) =
∫ s0
s<
e−s/M
2
Bρ(s)sds∫ s0
s<
e−s/M2Bρ(s)ds
, (18)
where ρ(s) is the QCD spectral density which we eval-
uate up to dimension twelve, including the perturbative
term, the quark condensate 〈q¯q〉, the gluon condensate
〈g2sGG〉, the quark-gluon mixed condensate 〈gsq¯σGq〉, and
their combinations 〈q¯q〉2, 〈q¯q〉〈gsq¯σGq〉, 〈gsq¯σGq〉2 and
〈q¯q〉4. The full expressions are lengthy and listed in the
supplementary file “OPE.nb”. We use the values listed in
Ref. [20] for these condensates and the charm quark mass
(see also Refs. [21,1,22,23,24,25,26,27,28]).
There are two free parameters in Eq. (18): the Borel
mass MB and the threshold value s0. As the first step, we
fix M2B = 4.0 GeV
2, and investigate the s0 dependence.
We find that all the currents can be classified into six
types, except two currents whose OPE can not be easily
calculated (they are Σ¯2γµΣ2 and Σ¯2γµγ5Σ2 of J
P = 1−
and 1+ respectively):
A. [Non-Structure] Many currents seemingly do not cou-
ple to any structure, in other words, these currents
seem to well couple to the continuum. Take the current
Λ¯1γ5Λ2 of J
P = 0− as an example. We use it to per-
form QCD sum rule analysis, and show the obtained
mass MX as a function of s0 in the left panel of Fig. 1.
We find that MX quickly and monotonically increases
with s0, suggesting that this current does not couple
to any structure. Sometimes the mass curves behave
differently, as shown in the middle and right panels
of Fig. 1, where the currents Σ¯2γ5Σ3µ and Σ¯5νγµΣ
ν
5
both of JP = 1− are used as examples. However, still
no structure can be clearly verified.
B. [c¯c+pipi] Many currents seem to well couple to charmo-
nium states plus two pions. Take the current Σ¯1γ5Λ1
of JP = 0− as an example. Its obtained mass MX is
shown as a function of s0 in the left panel of Fig. 2.
There is a mass plateau around 3.5 GeV in a wide re-
gion of 15 GeV2 < s0 < 25 GeV
2, suggesting that this
current well couple to charmonium states plus two pi-
ons. Take the current Σ¯2γ5Λ1 of J
P = 0− as another
example. Its obtained mass MX is shown as a func-
tion of s0 in the right panel of Fig. 2. MX is around
3.5 GeV in a narrower region of 15 GeV2 < s0 < 20
GeV2, still suggesting that this current couple to char-
monium states plus two pions.
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Fig. 1. Type A [Non-Structure]: Variations of MX with respect to the threshold value s0, when the Borel mass MB is fixed to
be M2B = 4.0 GeV
2. The currents Λ¯1γ5Λ2 (left), Σ¯2γ5Σ3µ (middle), and Σ¯5νγµΣ
ν
5 (right) are used as examples.
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Fig. 2. Type B [c¯c+pipi]: Variations of MX with respect to the threshold value s0, when the Borel mass MB is fixed to be
M2B = 4.0 GeV
2. The currents Σ¯1γ5Λ1 (left) and Σ¯2γ5Λ1 (right) are used as examples.
C. [c¯cq¯q+pi] Several currents seem to couple to hidden-
charm tetraquark states plus one pion. Take the cur-
rent S2
[
Λ¯4µ1Λ4µ2
]
of JP = 2+ as an example. Its ob-
tained mass MX is shown as a function of s0 in the left
panel of Fig. 3. There is a mass plateau around 4.2 GeV
in a very wide region of 16 GeV2 < s0 < 25 GeV
2, sug-
gesting that this current well couple to hidden-charm
tetraquark states plus one pion.
We note that there may exist hidden-charm baryonium
states in this energy region, for example, the Y (4630)
was suggested to be a ΛcΛ¯c bound state in Ref. [10].
However, because hidden-charm baryonium states in
this region can not be well differentiated from hidden-
charm tetraquark states, we shall not pay attention to
this case in this paper, but try to find more significant
hidden-charm baryonium signals. It is just for simplic-
ity that we use [c¯cq¯q+pi] to denote this type.
D. [c¯cq¯qq¯q] Many currents seem to well couple to hidden-
charm baryonium states. Take the current Λ¯3Λ4µ of
JP = 1+ as an example. Its obtained mass MX is
shown as a function of s0 in the right panel of Fig. 3.
There is a mass plateau around 4.9 GeV in a wide
region of 20 GeV2 < s0 < 30 GeV
2. We shall use this
type to detailly perform numerical analyses.
E. [Mixture of B and D] Many currents seem to couple to
both charmonium states plus two pions and hidden-
charm baryonium states. Take the current Λ¯4νγµγ5Σ
ν
3
of JP = 1+ as an example. Its obtained mass MX
is shown as a function of s0 in the middle panel of
Fig. 4. We find two mass plateaus, one near 3.2 GeV
and the other near 5.6 GeV, suggesting that this cur-
rent may couple to both charmonium states plus two
pions and hidden-charm baryonium states. We note
that the plateau in the lower-left corner is actually
non-physical (the spectral density is negative in this
region), but anyway we shall not pay attention to this
case in this paper.
F. [Mixture of C and D] A few currents seem to cou-
ple to both hidden-charm tetraquark states plus one
pion and hidden-charm baryonium states. Take the
current S3
[
Σ¯4µ1γµ2Σ3µ3
]
of JP = 3− as an exam-
ple. Its obtained mass MX is shown as a function of
s0 in the right panel of Fig. 4. Again we find two
mass plateaus (the left plateau is still non-physical),
one near 4.5 GeV and the other near 5.0 GeV, sug-
gesting that this current may couple to both hidden-
charm tetraquark states plus one pion and hidden-
charm baryonium states. We shall also use this type
to detailly perform numerical analyses.
It is because of this type that we classified Type C to
be hidden-charm tetraquark states plus one pion, i.e.,
it is less possible that this current couples to two differ-
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Fig. 3. Variations of MX with respect to the threshold value s0, when the Borel mass MB is fixed to be M
2
B = 4.0 GeV
2. Left:
Type C [c¯cq¯q+pi], where the current S2
[
Λ¯4µ1Λ4µ2
]
is used as an example; Right: Type D [c¯cq¯qq¯q], where the current Λ¯3Λ4µ is
used as an example.
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Fig. 4. Variations of MX with respect to the threshold value s0, when the Borel mass MB is fixed to be M
2
B = 4.0 GeV
2. Left:
Type E [Mixture of B and D], where the current Λ¯4νγµγ5Σ
ν
3 is used as an example; Right: Type F [Mixture of C and D], where
the current S3
[
Σ¯4µ1γµ2Σ3µ3
]
is used as an example.
ent hidden-charm baryonium states, but more possible
that it couples to two different structures, because it
leads to two separated mass plateaus.
We show the numbers of currents belonging to these six
types in Table 1, but note that sometimes the currents can
not be well classified, for examples, some currents can be
classified to both Type A and Type B (compare the right
panel of Fig. 1 and the left panel of Fig. 2). However, we
need not solve this problem, because the currents of Type
D are probably the best choices to study hidden-charm
baryonium states.
Following Ref. [19,29], we use the currents of Type D
to perform numerical analyses and evaluate the masses
of hidden-charm baryonium states. We list the results in
Fig. 5 using blue lines, but leave the detailed analyses for
our future studies. We note that the uncertainties of these
results are about ±0.20 GeV. We find that all the currents
of Type D with the positive parity lead to reasonable sum
rules. However, the only current of Type D with the nega-
tive parity does not lead to a reasonable sum rule. Hence,
Table 1. Classification of hidden-charm baryonium currents.
There are altogether six types: Type A [Non-Structure], Type
B [c¯c+pipi], Type C [c¯cq¯q+pi], Type D [c¯cq¯qq¯q], Type E [Mixture
of B and D], and Type F [Mixture of C and D]. The numbers
of currents belonging to these types are shown below. There
are two currents whose OPE can not be easily calculated. They
are Σ¯2γµΣ2 of J
P = 1− and Σ¯2γµγ5Σ2 of JP = 1+.
JP A B C D E F Total
0− 14 8 0 0 0 0 22
1− 23 16 0 0 0 0 39
2− 10 11 0 1 0 3 25
3− 2 3 0 0 0 2 7
0+ 0 0 2 8 12 0 22
1+ 0 2 2 14 21 0 39
2+ 0 3 2 9 11 0 25
3+ 0 2 1 1 3 0 7
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Fig. 5. (Color online) Spectrum of hidden-charm baryonium states obtained using the method of QCD sum rules. The blue
lines are obtained using the currents of Type D, and the red lines are obtained using the currents of Type F.
we also use the currents of Type F with the negative par-
ity to perform numerical analyses. These currents also lead
to reasonable sum rules, whose results are listed in Fig. 5
using red lines.
We find that the masses of the lowest-lying hidden-
charm baryonium states with quantum numbers JP =
2−/3−/0+/1+/2+ are around 5.0 GeV. Especially, the one
of JP = 3− can not be accessed by the S-wave [c¯c + pipi]
and [c¯cq¯q+pi] structures, so it is a very good hidden-charm
baryonium candidate for experimental observations. We
evaluate its mass to be around 5.04 GeV (see the right
panel of Fig. 4), and suggest to search for it in the LHCb
and forthcoming BelleII experiments.
4 Summary
To summarize the current letter, we use the method of
QCD sum rule to investigate hidden-charm baryonium
states with the quark content uu¯dd¯cc¯, spin J = 0/1/2/3,
and of both positive and negative parities. We system-
atically construct the relevant local hidden-charm bary-
onium interpolating currents. We find they can couple
to various structures, including hidden-charm baryonium
states, charmonium states plus two pions, and hidden-
charm tetraquark states plus one pion, etc. At the begin-
ning we do not know which structure these currents couple
to, but after sum rule analyses we can obtain some infor-
mation. We find some of them can couple to hidden-charm
baryonium states, using which we evaluate the masses
of the lowest-lying hidden-charm baryonium states with
quantum numbers JP = 2−/3−/0+/1+/2+ to be around
5.0 GeV. Our results suggest:
1. The hidden-charm baryonium currents can probably
couple to both charmonium states plus two pions [c¯c+
pipi] and hidden-charm baryonium states [c¯cq¯qq¯q], and
may couple to hidden-charm tetraquark states plus one
pion [c¯cq¯q+pi]. Actually, the mass signal around 3.5
GeV in the left panel of Fig. 2 is quite clear, probably
related to the ηcpipi and J/ψpipi thresholds.
2. All the currents of Type D with the positive parity
and all the currents of Type F with the negative par-
ity lead to reasonable sum rules. The masses of the
lowest-lying hidden-charm baryonium states are eval-
uated to be: 4.83 GeV (JP = 2−), 5.04 GeV (JP =
3−), 5.00 GeV (JP = 0+), 4.89 GeV (JP = 1+),
5.15 GeV (JP = 2+), and 5.68 GeV (JP = 3+).
According to their spin-parity quantum numbers and
Eq. (2), the hidden-charm baryonium states of JP =
2−/3− may be observed in theD-wave ηcpipi and J/ψpipi
channels, and those of JP = 0+/1+/2+ may be ob-
served in the S-wave J/ψρ and J/ψω channels. More
information on their isospin, etc. will be discussed in
our future studies.
3. All the currents of JP = 0− and 1− seem not to couple
to hidden-charm baryonium states, possibly because
these currents can be significantly affected by the S-
wave ηcpipi and J/ψpipi thresholds. However, we do not
want to conclude that there do not exist hidden-charm
baryonium states of JP = 0− and 1−, but note that
these states might not be easily observed if their cou-
pling to ηcpipi and J/ψpipi channels can not be well
constrained.
To end this paper, we note that in the present study
we have constructed many interpolating currents, some of
which have the same quantum numbers and can mix with
each other. Moreover, the physical states are not one-to-
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one related to these currents, and are probably a mixture
of various components coupled by relevant currents. Bas-
ing on this partial coupling, in this paper we have studied
the hidden-charm baryonium states using the method of
QCD sum rule, but to study them in a more exact way,
one needs to calculate both the diagonal elements (the
two-point correlation function using the same current) and
the off-diagonal elements (the two-point correlation func-
tion using two different currents). However, we have only
done the former calculations in the present study, because
the latter still seem difficult in the current stage and wait
to be solved.
Based on the results of this letter, we suggest to search
for the hidden-charm baryonium states, especially the one
of J = 3−, in the D-wave J/ψpipi and P -wave J/ψρ and
J/ψω channels in the energy region around 5.0 GeV, and
hope they can be discovered with the running of LHC at 13
TeV and forthcoming BelleII in the near future. We would
also like to see other theoretical studies which can give
more accurate predictions on their masses, productions
and decay properties, etc.
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